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Introduction
Bottomland hardwood forests are located along riparian 
strips between rivers and upland systems (Odum, 1981). 
Humans have negatively impacted bottomlands by logging, 
clearing and draining them for agriculture and development. 
Along rivers that are channelized and diked, bottomlands 
do not have a regular flooding regime (Friedman et al., 
1996; Friedman et al., 1998) and many major ecological 
functions are altered, including a reduction in productivity 
and integrity (Odum, 1978). According to the subsidy-stress 
concept, flooding can both enhance and stress a riparian 
ecosystem, depending on frequency, timing and intensity 
(Odum, 1978; Odum et al., 1979). Flooding of bottomlands 
affects soil chemistry by producing anaerobic conditions, 
importing and removing organic matter, and replenishing 
mineral nutrients (Odum, 1978; Odum et al., 1979; Vannote 
et al., 1980). Stress of the ecosystem occurs when flooding 
persists for long periods of time and/or includes very deep 
water (Green, 1947; Broadfoot, 1967, 1973; Broadfoot and 
Williston, 1973; Odum, 1978; Odum et al., 1979).
Bottomland hardwood forests are considered one of the 
most productive wetland ecosystems because of the constant 
source of water and nutrients (Odum, 1978). Aboveground 
net primary production (ANPP) is one way of measuring 
bottomland integrity. In this study, ANPP is defined as the 
combination of wood and leaf litter production and expressed 
in g m-2 yr-1. A bottomland hardwood forest produces from 
300 to more than 2000 g m-2 yr-1 where an upland forest 
produces an average of 1000 g m-2 yr-1 (Conner, 1994; 
Megonigal et al., 1997). The goal of this research was to 
quantify the ANPP of the bottomland hardwood forest 
located at the Olentangy River Wetland Research Park, 
in respect with flooding frequency. This site presents an 
interesting experimental setting to test the stress-subsidy 
concept in northern regions: some areas of the forest are 




The site is located at the Olentangy River Wetlands 
Research Park (ORWRP) in Franklin County. The 5.2 ha 
bottomland hardwood forest varies from 25 to 90 m wide 
and is approximately 730 m long. This site has a dike at the 
north end, approximately 3 m tall and 250 m long, which 
diverts the river away from the bottomland forest. The 
northern end floods from the Olentangy River only during 
exceptional floods (Acton et al., 1998) but does flood from 
rising groundwater when the river stage is high. The southern 
end floods more frequently than the northern end from a 
rise in river level (Acton et al., 1998). Plots 1, 2 and 3 at 
the ORW are considered “diked plots” while 4, 5, 6, 7 and 8 
are “non-diked plots”. Box elder (Acer negundo L.), eastern 
cottonwood (Populus deltoides Bart. ex Marsh) and eastern 
sycamore (Platanus occidentalis L.) dominate the site.
Transects were established at all three sites along an 
elevation gradient, perpendicular to the river. Study plots 
were established along each transect and were 20 m wide 
by 25 m in length (e.g., 500 m2). Hydrology information 
was collected from a United States Geological Survey 
(USGS) Station (#03226800) along the Olentangy River 
in Worthington, Ohio. Each site was visited during various 
flooding events in 2000 to determine at what flow rate each 
plot started to flood. From this information, historical flow 
records were used to determine the minimum number of 
days that each plot started to flood.
Within each plot, every tree with a diameter at breast 
height (dbh) (1.3 m) greater than 5 cm was identified to 
species using field guides (Petrides, 1988; Little, 1998). The 
diameter was measured for all trees in order to calculate the 
basal area of the plot. Five canopy trees (i.e., dbh greater 
than 25 cm and taller than 10 m) occurring inside each study 
plot were cored to estimate woody production. A modified 
version of the point-quarter method (Curtis and Cottam, 
1962) was used to determine which trees were selected 
for coring. The heights of the cored trees were measured 
using a clinometer.
Leaf Litter
Leaf litter traps were placed randomly inside each study 
plot and were secured to the ground with stakes to assure no 
losses from flooding. Five litter traps were placed in each 
plot for a total of 40 at the ORW. Leaf litter was collected 
once a week during autumn months when trees lose most 
of their leaves (Newbould, 1967). Leaf litter was collected 
June 15 to Dec. 30 1998 (Bouchard and Mitsch, 1999: 198 
days), Oct. 4, 1999 to Jan. 5, 2000 (this study: 94 days), and 
Sept. 5 to Dec. 5, 2000 (this study: 92 days). The leaf litter 
was collected every 14 days, sorted into leaves, fruits and 
twigs, dried at 105ºC, and weighed to the nearest 0.1 g.
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Tree Cores
All trees were cored with a 5.15 mm inside diameter 
increment borer at breast height (1.3 m). Each tree had two 
cores taken at 90° angles and averaged together to account 
for variation in tree growth. Tree cores were collected, 
prepared and measured according to Phipps (1985). Each 
core penetrated the tree to a depth of 15 cm to capture 
at least the last twenty years of growth. The cores were 
temporarily stored in paper straw until air dry, and then 
permanently glued onto grooved wooden holders. The cores 
were prepared for ring analysis by sanding with a series of 
sandpaper (80, 120, 220, 400, 600 grit) then polished with 
lambʼs wool. The growth rings were examined for general 
growth patterns, then each ring was measured to 0.01 mm 
using a mechanical stage and dissecting microscope with 
crosshairs. This analysis occurred at the Tree Ring Analysis 
Lab in Wooster, Ohio.
Estimation of Ecosystem Production (ANPP)
Ecosystem production was calculated following the 
method of Whittaker and Woodwell (1968). Basal area 
increase (Ai) (cm2 yr-1) was calculated using the following 
equation (Newbould, 1967):
  Ai = π [r
2 – (r-i)2]              (1)
where r = radius of tree at breast height (cm) and i = 
radial increment per year (cm yr-1). 
The annual wood production per tree (Pi) (g yr-1) was 
calculated from the parabolic volume equation (Whittaker 
and Woodwell, 1968; Phipps 1979):
  Pi = 0.5 r Ai h               (2)
where r = wood specific gravity (g cm-3) and h = tree 
height (m). Wood specific gravity values were obtained from 
the U.S. Forest Products Laboratory (1974).
The plot wood production (Pw) (g m-2 yr-1) was calculated 
following Whittaker and Woodwell (1968) using the 
following equation:
  Pw = Â[Pi]*BA/Bc              (3)
where BA = basal area of entire plot, m2(wood) m-2 (site) 
and Bc = basal area of cored trees in plot, m2 (wood). 
ANPP for each plot was estimated by summing the average 
plot leaf litter production (g m-2 yr-1) and average plot wood 
production (g m-2 yr-1). ANPP for each site was estimated 
by averaging all the plot estimates of ANPP.
Results
Bankfull Discharge
Based on elevation, the northern end of the ORW site 
(plots 1, 2 and 3) starts to receive floodwater over the dike 
when the river flow equals 12 m3 sec-1 (4400 ft3 sec-1). From 
groundwater well data, plot 1 starts to flood from groundwater 
when the river reaches 4 m3 sec-1 (1500 ft3 sec-1). Although 
not considered diked, plot 4 also starts to receive floodwater 
when the river flow equals 12 m3 sec-1 (4400 ft3 sec-1).  Plots 6, 
7 and 8 start to receive floodwater when the river flow equals 
9 m3 sec-1 (3200 ft3 sec-1). Plot 5 starts to receive floodwater 
at a slightly higher flow rate than plots 6, 7 and 8 because of 
the rolling topography. Because the dike doesnʼt influence 
the southern end, groundwater is not trapped; instead only 
river water floods this part of the site.
The northern part of the ORW ranges in the minimum 
number of flood days during the growing season from 0 
days in 1992 and 1996-2000 to 4 days in 1995 (Table 1). 
The southern end ranges from 0 days in 1991 to 6 days in 
1995 and 1998 during the growing season (Table 1). Also, 
plot 1 floods from ground water during the growing season a 
minimum of 2 days in 1991 to 26 days in 1992 (Table 1).
Table 1. Average minimum number of days that each site 
was presumably flooded during the growing season. () 
indicates total minimum number of days flooded during 
the entire year.
__________________________________________          
North end        South end
 River Groundwater River
__________________________________________   
1990 1 (3) 23 (55) 3 (10)
1991 0 (6) 2 (18) 0 (7)
1992 0 (0) 26 (33) 5 (9)   
1993 0 (1)  9 (39) 0 (8)   
1994 0 (5) 19 (33)           2 (7)   
1995 4 (4) 23 (36) 6 (6)   
1996  0 (0) 22 (55) 3 (19)   
1997 0 (0) 10 (24) 5 (9)   
1998 0 (0) 18 (32) 6 (6)   
1999 0 (0) 9 (29)  1 (5)   
2000 0 (0) 17 (37) 5 (8)   
__________________________________________  
        
Leaf Litter Production
The ORW site showed no significant difference when 
comparing leaf litter production between the plots.
Wood Production
A significant difference was found in the average wood 
production at ORW between the diked plots and the non-
diked plots for every year except 1997 (p < 0.05) (Figure 1). 
Over the ten-year period, the diked plots at ORW averaged 
158 ± 32 g m-2 yr-1, while the non-diked plots averaged 521 
± 58 g m-2 yr-1.
Estimation of ANPP
The ORW as a site had an average ANPP value of 805 ± 
299 g m-2 yr-1. There was a significant difference between the 
average ANPP of diked plots and non-diked plots (p-value 
= 0.027) at ORW for the year 2000 (Figure 2). The diked 
plots averaged 530 ± 92 g m-2 yr-1 while the non-diked plots 
averaged 971 ± 247 g m-2 yr-1.
Discussion
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A number of studies have demonstrated that bottomland 
hardwood forests that are connected to an adjacent body 
of running water and temporally flooded during periods of 
high water are generally more productive than bottomlands 
disconnected from the river or flooded during long periods 
of time (Green, 1947; Broadfoot, 1967, 1973; Broadfoot and 
Williston, 1973; Johnson and Bell, 1976a, 1976b; Mitsch, 
1979; Mitsch and Ewel, 1979; Brown and Peterson, 1983; 
Taylor et al., 1990; Mitsch et al., 1991; Megonigal et al., 
1997; Dudek et al., 1998; Burke et al., 1999; Robertson 
et al., 2001). These results generally support the subsidy-
stress concept (Odum, 1978; Odum et al., 1979) that has 
been applied for a number of “coupled systems” (i.e., salt 
marshes and tidal events, freshwater coastal marshes and 
seiche events, riparian systems and floods). 
The existence of a hydrological interdependence between 
aquatic systems and their adjacent terrestrial ecosystems is 
known to be one of the most important forcing functions that 
Figure 1. Average wood production (± 1 SE) at the diked (n = 15) and non-diked (n = 25) plots within the ORW site. 
(*) denotes a significant difference between the diked and non-diked plots at the 95% level.
Figure 2. Average ANPP (± 1 SE) of diked and non-diked plots at ORW.
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drives the ecological integrity of both systems. Ecotones 
influenced by a regular pulsing hydroperiod are more 
productive than systems that donʼt receive floodwaters on a 
regular basis (Mitsch, 1979; Odum et al., 1979). However, 
the subsidy to the productivity of bottomland ecosystems by 
floods has been primarily quantified in the southern United 
States where bottomlands are often referred to as “swamps” 
and dominated by bald cypress (Taxodium distichum), 
water tupelo (Nyssa aquatica) and Atlantic white cedar 
(Chamaecyparis thyoides (L.) B.S.P.).
The lower production at plots 1, 2, and 3 is attributed 
to the presence of a dike that was built in the late 1930s 
to protect agricultural fields from flooding. The dike acted 
as a barrier that excluded the subsidy of the access water, 
nutrients and sediments that are typical of a flood event 
(Odum, 1978; Odum et al., 1979). Also, the stress to flood-
intolerant species associated with complete inundation was 
missing (Odum, 1978; Odum et al., 1979), as well as the 
importing and exporting of organic matter and mineral 
nutrients back into the river (Vannote et al., 1980). The 
elimination of flooding stress resulted in the colonization 
of flood-intolerant species that are associated with lower 
production when found in bottomlands (Johnson and Bell 
1976a, 1976b; Brown and Peterson, 1983; Megonigal et 
al., 1997).
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